The PRL regulatory element binding protein (PREB) is a transcription factor that specifically binds to a Pit-1 binding element in the PRL promoter to regulate PRL gene expression in mammals. However, it is unknown whether chicken PREB involves the expression of PRL mRNA or not. This study aimed to clone and characterize the chicken PREB gene and to investigate the mRNA expression during embryogenesis and different reproductive stages. Based on the conserved sequence of the human, rats and mouse, primers pairs were designed and applied to amplify the PREB cDNA fragment. After sequencing of PCR products, 5′ -and 3′ -end of mRNA were amplified and determined. To identify the structure of the PREB gene, PCR amplification was conducted. The chicken PREB gene consisted of 9 exons and 8 introns and encoded for a 411 amino acid protein. The expression of PREB mRNA in the anterior pituitary gland was measured during embryogenesis and at different reproductive stages. PREB mRNA was detectable at embryonic day 12. Significant increase of levels of PREB mRNA was detected at embryonic day 18 and a maximum level was detected at day 1 of chick. In adult Silkie hens, the lowest level of PREB mRNA was detected in non-photostimulated hens whereas the highest level was observed in incubating hens. Since both the expression of PREB mRNA and PRL mRNA show a similar profile, PREB might be involved in expression of PRL mRNA. An alternative-splicing isoform, which lacks exon 7, was also detected. Because the predicted translated protein originating from this splicing isoform lacked most of the region of WD3 repeat region, this isoform may either have no function or have an alternative function. The results of this study support the possibility of involvement of PREB in PRL mRNA expression in the chicken anterior pituitary gland.
Introduction
Prolactin (PRL) is a member of the growth hormone (GH) gene family and has a variety of physiological functions. The PRL gene is specifically expressed in lactotrophs of the anterior pituitary gland. Pituitary specific transcription factor (Pit-1) plays important roles for mRNA expression of anterior pituitary hormones and mutations of Pit-1 have been shown to diminish PRL, GH and thyroid stimulating hormone (TSH) producing cells and lead to dwarfism (Li et al., 1990; Radovick et al., 1992) . Although rat PRL gene contains multiple binding sites for Pit-1, high levels of PRL mRNA expression in the anterior pituitary gland requires additional transcription factors (Savage et al., 2003) .
Pituitary homeobox 1 (Ptx1) and Pituitary homeobox 2 (Ptx2) participate in the expression of both rat and human PRL genes acting in synergy with Pit-1 (Szeto et al., 1996; Tremblay et al., 1998; Amendt et al., 1999) . E26 transformation-specific 1 (ETS1) cooperates with Pit-1 to synergistically activate PRL mRNA expression (Howard and Maurer 1995; Bradford et al., 1997) . Other factors such as POUdomain factor Oct1, LHX protein LHX3, and WD-motif protein PRL regulatory element binding (PREB) protein are predicted to be involved in the PRL mRNA expression (Voss et al., 1991; Bach et al., 1995; Fliss et al., 1999) .
Rat PREB cDNA was originally isolated by Southwestern screening based on its binding capacity to one of the Pit-1 binding sites (1P) in the PRL promoter (Fliss et al., 1999) . Additive effects of cotransfection of Pit-1 and PREB expression vector for the proximal PRL promoter that contained 1P were shown (Fliss et al., 1999) . This result suggested that Pit-1 and PREB might exert actions on element 1P independently. The homolog of PREB were cloned and characterized in mouse and human (Taylor Clelland et al., 2000a, b) . The expression of PREB mRNA in the Rathke's pouch was detected and preceded the expression of Pit-1 mRNA and PRL mRNA in mouse (Taylor Clelland et al., 2000a) . Similarly, expression of PREB mRNA in the anterior pituitary gland was detected in human (Taylor Clelland et al., 2000b) . Binding of Pit-1 and 43-kDa of ubiquitous protein extracted from anterior pituitary derived GC cell to human 1P was reported (Peers et al., 1991) . Conservation of mammalian 1P region of PRL promoter was well known (Maurer 1985; Peers et al., 1991) . These results may indicate the possible involvement of regulatory function of PREB for the PRL mRNA expression in mammals.
In birds, PRL shows a strong relationship to incubation behavior in gallinaceous birds. The relationship is supported by several lines of evidence; exogenous PRL induces incubation behavior in female chicken (Riddle et al., 1935) ; high level of plasma PRL is observed during incubation behavior (Etches and Cheng, 1982; Zadworny et al., 1985; Shimada et al., 1991) ; and disruption of incubation behavior decreases levels of plasma PRL in turkey (Proudman and Opel 1981) . The release of PRL from the anterior pituitary gland and expression of PRL gene were primarily regulated by the hypothalamic factor, vasoactive intestinal polypeptide (VIP). Injection of VIP resulted in an increase of concentration of plasma PRL and levels of PRL mRNA in the anterior pituitary gland of laying hen whereas passive immunization against VIP resulted in decrease of plasma PRL concentration and levels of PRL mRNA in the anterior pituitary gland of incubating hen (Talbot et al., 1991) . Because VIP induced an increase of intra-cellular cAMP levels (Kansaku et al., 1998) , the cAMP-PKA pathway is implicated in the release and expression of PRL gene in birds.
The presence of VIP response element (VRE) was primarily identified in the turkey PRL promoter (-70/-40) (Kang et al., 2004) . The proximal promoter of bird PRL was also characterized in Duck and Java sparrow (Kansaku et al., 2005; Hiyama et al., 2009b) . It is noteworthy that presence of VRE in the proximal PRL promoter of the various birds. These results do not contradict that VIP is the physiological PRL releasing factor in birds. However, the levels of PRL mRNA induced by VIP injection or VIP perifusion are lower than those observed in incubating hen. Levels of PRL mRNA of incubating hen show a 10 to 50-fold increase compared to the laying hen (Wong et al., 1991; Kansaku et al., 1994) , whereas, VIP induced increases of PRL mRNA show less than 5-fold increases (Talbot et al., 1991) . Since levels of Pit-1 mRNA show constant during reproductive cycles (Wong et al., 1992) , it is very difficult to attribute that VIP is only factor which affects levels of PRL mRNA during reproductive cycles.
The Pit-1 binding site between -76 and -103 in chicken (Ohkubo et al., 2000) and VRE at -40 to -74 in turkey (Kang et al., 2004) were almost completely conserved in the various birds and showed similarity to mammalian PRL proximal promoter (Kansaku et al., 2008) . Kang et al. (2004) also identified the binding of Pit-1 and 2 other proteins to VRE. These results clearly indicate that bird PRL mRNA expression is regulated by Pit-1 and other transcription factors. Since the core sequence of bird VRE (-64/-53) had been found to be similar to PREB binding motif within the 1P of mammalian PRL gene (Hiyama et al., 2009c) , Pit-1 and PREB may be involved in the expression of PRL mRNA both in bird and mammal. However chicken PREB has not been previously cloned and investigated. Thus, it is unknown whether PREB binds to VRE or not. Moreover, quantitative analysis of bird Pit-1 mRNA expression during embryogenesis has not been shown. Therefore, possible involvement of Pit-1 and PREB in PRL mRNA expression during embryogenesis and reproductive cycles has not been identified.
Accordingly, this study was primarily conducted to clone and characterize the PREB gene of the chicken. Secondarily, levels of mRNAs of PREB, PRL and Pit-1 in the anterior pituitary gland was measured during embryogenesis and at different reproductive stages to analyze the possibility of coregulation and/or relation in the control of PRL mRNA expression.
Materials and Methods

Tissue Sampling and RNA Isolation
White Leghorn hens (n＝3) were obtained from a local company and anterior pituitary glands were removed, snapfrozen in liquid nitrogen and stored at −80℃ until RNA extraction. Handling of chickens and sampling of anterior pituitary glands were in accordance with the guidelines for animal experimentation of Azabu University. The total RNA was extracted using RNA isolation reagent (TRIzol; Life Technologies Corporation, Carlsbad, CA USA) according to the method described by manufacturer's instructions. The amount of total RNA was estimated by spectro-photometry (GeneQuant; GE Healthcare, Buckinghamshire, England).
Cloning of Chicken PREB cDNA
Total RNA (1 μg) isolated from the anterior pituitary gland was denatured at 65℃ for 10 min with random hexamer primers and reverse transcribed with 200 units of SuperScript III (Life Technologies Corporation, Carlsbad, CA, USA) in a 20 μL mixture. Based on the sequences of predicted chicken PREB partial sequence (XM_003643516), human PREB cDNA and rat PREB cDNA (Fliss et al., 1999; Taylor Clelland et al., 2000a, b) , primers (S-1: TTCCCCAGCCTG-GAGAAGGT, A-1: CTGACATCGAGGCAGGAGAC) were designed. The reverse-transcribed product was subjected to 35 cycles of polymerase chain reaction (PCR) amplification using DNA polymerase (AccuPrime Taq DNA polymerase, Life Technologies) in a total volume of 50 μL. PCR was conducted using ABI9700 (Applied Biosystems, Foster City, CA, USA) and amplification profile consisted of 2 min of denaturation at 94℃ for the first cycle and 30 s per cycle thereafter, 20 s annealing at 55℃, and 20 s extension at 68℃ for the first 34 cycles and 1 min extension on the final cycle. Amplified PCR products were purified (NucleoSpin Gel and PCR Clean-up, Takara, Shiga, Japan), and directly sequenced by dideoxy method on both the strands using ABI 3710 sequencer (Applied Biosystems). Following sequence analysis, the 5′end of cDNA was amplified using the rapid amplification of cDNA end (RACE) method (Frohman et al., 1989) . After reverse-transcription by A1 primer, primary RACE-PCR was conducted using primers A-2 (TCCCA-CTTGGTCAGGTAGCA) and abridged anchor primers of the RACE kit. Secondary, nested-PCR was conducted using A3 (CGGCAGGCCTGATAGCGGTACGCTGT) and/or A4 (CAGGTTCTCGTTCCATTGCA) and abridged universal amplification primer. Similarly, the 3′region was cloned with the 3-RACE kit (Life Technologies) using primers S-1 (TTCCCCAGCCTGGAGAAGGT) and S-2 (ACAGCGTA-CCGCTATCAGGCCTGCCG). After sequencing of RACE product, sequence of the coding region was confirmed using different DNA polymerase (Prime Star GXL DNA polymerase, Takara) using newly synthesized primers (ORF-S: TTC-TCGCAATGGCGCCGCGTCCGA, ORF-A: CTAGAGGA-AGCCAGGGGAGGCA). The cloning strategy and location of primers are indicated in Fig. 1 . Obtained nucleotide sequence of PREB cDNA and sequence of deduced amino acids were analyzed using DNASIS Pro (Hitachi Software, Tokyo, Japan) and Blast search of NCBI.
Characterization of the Chicken PREB Gene
To identify the structure of the chicken PREB gene, newly synthesized primers (Ex1: CCTTCCCGCTCTACACCGTG, 3UTR: TCTGGGTTTAATGGTAGGGC) were designed and used to amplify the Chicken PREB gene fragment. The PCR fragment, which contained most of the coding region of chicken PREB gene, was amplified using genomic DNA from a White Leghorn hen, and sequenced. PCR was conducted using Prime Star GXL DNA polymerase. The amplification profile consisted of 2 min denaturation at 94℃ for the first cycle and 20 second per cycle thereafter, 30 second annealing at 58℃, and 75 second extension at 68℃ for the first 39 cycles and 5 min extension on the final cycle.
Measurement of Levels of PREB, PRL and Pit-1 mRNA in the Anterior Pituitary Gland
A total of 300 fertilized eggs from White Leghorn hens were incubated at 37.5℃ in a humidified incubator. Following decapitation, anterior pituitary glands were harvested from developing embryos on days 12, 14, 16, 16, 17, 18 and 20 of incubation, and chicks on day 1 after hatch. To measure the mRNA levels of PREB, PRL and Pit-1 at different reproductive stage, Silkie hens (n＝10), which previously showed the incubation behavior, were assigned to individual floor pens (1.4 m×0.6 m) containing a nest box. Three reproductive stages (non-photostimulated, laying and incubating) were chosen in this study. Stages of each hen were defined as previously described (Hiyama et al., 2009a) . The laying status and incubation behavior were monitored with a video recording system. Anterior pituitary glands were snap frozen in liquid nitrogen and stored at −80℃. Decapitation of adult hen was quickly conducted after cervical dislocation. Extraction of total RNA was conducted using RNA extraction kit (NucleoSpin RNAII, Takara). After measurement of RNA amount by spectrophotometrically, 1 μg of total RNA was reverse-transcribed and subjected for PCR amplification of PREB, PRL, Pit-1 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The position and sequence of primers were listed in Table 1 . Fragment of PREB cDNA from the anterior pituitary gland of embryos and different reproductive stages were amplified by 25 cycles and 28 cycles of PCR, respectively. After electrophoresis of PCR products, the signal intensity of each PCR product was Journal of Poultry Science, 52 (1) determined using a LAS4000 imaging system (GE Healthcare). PRL, Pit-1 and GAPDH were amplified to normalize and compare the changes of mRNA levels. The amplification profile of PRL, Pit-1 and GAPDH were 2 min denaturation at 94℃ for the first cycle and 20 second per cycle thereafter, 30 second annealing at 59℃, and 30 second extension at 72℃. Fragment of PRL, Pit-1 and GAPDH cDNA from the anterior pituitary gland of embryos and different reproductive stages were amplified by 25 cycles, 25cycles and 28 cycles of PCR, respectively. The amplification of fragments of PRL, Pit-1 and GAPDH cDNA was conducted using Ex Taq polymerase (Takara).
Analysis of Results
The proportion of PREB and GAPDH was analyzed by one-way analysis of variance. The significance of the differences between means was assessed using a least-significant difference test. Statistical analyses were performed using the commercially available package of the Statistical Analysis System (SAS Institute) software. Significance was achieved when P＜0.05.
Results
Cloning of Chicken PREB cDNA
Approximately 400 bp of a partial PREB cDNA clone was initially obtained by PCR amplification between primers S-1 and A-1 from the total RNA of the anterior pituitary gland. Next, RACE PCR was performed to determine the 5′ -and 3′ -flanking regions. Through a combination of primary PCR, 5′RACE, and 3′RACE, a sequence encoding a chicken PREB protein was identified. The methionine codon at nucleotides 11-13 was the likely site for the translation initiation because of the similarity of sequence of initial 20 amino acid residues to those of human and rat PREB. Of the 1426 bp cloned, 10 bp of 5′UTR, 159 bp of 3′UTR and 1233 bp ORF encoding 411 amino acids were characterized. The highly conserved polyadenylation signal (Proudfoot and Brownlee 1976 ) was detected at 11 nucleotides from the poly (dA) tract. The complete nucleotide sequence and the deduced amino acid sequence of the chicken PREB cDNA are given in Fig. 2 . The sequence similarity of cDNA and amino acid to those of other PREB proteins previously identified were listed in Table 2 . Since regulatory function of PREB for the PRL mRNA expression was originally reported in the rat, cDNA and amino acids similarities among the mammalian species were also calculated to verify the possibility of functional conservation for regulation of PRL mRNA expression in the anterior pituitary gland. The sequence similarities of both PREB cDNA and amino acids showed less than 70% to those of mammalian PREB. To analyze the reason for low score between chicken and mammal, sequence similarities of amino acids of upper (amino acid positions 1 to 217) and lower region (218 to 411) of chicken PREB to mammalian homologous regions were calculated (Table 3 ). Higher similarities of lower region of chicken PREB to those of mammalian PREB compare to upper region was observed. Amino acid positions 146 to 176, 188 to 217 and 293 to 322 were considered to be WD1, WD2 and WD3 repeats, respectively. Since WD motif is important as the transcription factor, comparison of the WD motif was conducted to examine whether WD motifs were evolutionally conserved or not. Similarities of the WD motif region predicted in this study to previously identified WD motif region of PREBs of various animals were listed in Table 4 . Chicken WD repeats showed high similarities to bird and reptile WD repeats. On the other hands, chicken WD1 and WD2 showed less than 65% similarities to mammalian WD1 and WD2 repeats. Interestingly, chicken WD3 and mammalian WD3 showed high similarities.
Characterization of the Chicken PREB Gene
By the PCR amplification, 2017 bases of product was primarily obtained and sequenced. The chicken PREB gene consisted of 9 exons and 8 introns. Structure of chicken PREB gene and exon-intron boundary were shown in Fig. 3 . Following sequencing of the PREB gene fragments from the various samples, polymorphic sequences or genetic variations were detected in the exons 4, 6, 7, 8 and 9 and introns 3, 4, 5, 6, 7 and 8, respectively. Most of the variations in exons were synonymous substitutions, however, exon 7 had a non-synonymous substitution (Val to Thr). This amino acid substitution was observed within the WD3 repeat region (Fig.  2) .
Measurement of Levels of PREB, PRL and Pit-1 mRNA in the Anterior Pituitary Gland
The expression of PREB, PRL and Pit-1 mRNAs in the developing anterior pituitary gland and different reproductive stages was assessed by semiquantitative RT-PCR (Fig. 4) . Levels of GAPDH mRNA were also determined as an internal control to show the relative value to GAPDH. PCR Hiyama et al.: Chicken PREB Expression product of PREB could be amplified from day 12 of embryogenesis. PREB mRNA was low until day 16 of embryogenesis, but started increasing at 18 days and reached maximum levels at the 1 day after hatch. However, no significant difference was observed between day 20 of embryogenesis and 1 day after hatch. A significant difference in levels of PRL mRNA was not detected between day 12 and 14 of embryogenesis but subsequently a significant was detected at day 16 and levels continued to increase until hatch. Increases in levels of Pit-1 mRNA preceded those of PREB and PRL mRNAs. Increased Pit-1 mRNA levels were detected at day 14 of embryogenesis and these continued to increase until hatch (Fig. 5a) .
In adult Silkie hens, levels of PREB mRNA were low at the non-photostimulated stage but significantly increased at the laying stage and reached maximum levels at the in- cubation period. Levels of PRL mRNA showed similar changes as those of PREB mRNA at different reproductive stages. However, levels of Pit-1 mRNA did not significantly change (Fig. 5b) . A low amount of PCR product, which was approximately 100 bp smaller than the expected size, was amplified from all stages of experiments. This product was identified as an exon-7 skip isoform of PREB by sequence analysis.
Discussion
In this paper, we presented the sequence information of the chicken PREB cDNA, genomic DNA, and expression profile of PREB mRNA in the anterior pituitary gland. The sequence similarities of both PREB cDNA and amino acids showed 66%-68% similarity to those of mammalian PREB. On the other hands, over 90% similarities within the mammalian species were shown. High similarities within the mammalian species strongly suggest the regulatory function of mammalian PREB for the PRL mRNA expression in the anterior pituitary gland. To identify the reason for the low similarity observed between chicken and mammal, the upper and lower regions of chicken PREB to mammalian homologous regions were compared. The similarities of lower region of chicken PREB to those of mammalian PREB was significantly higher than upper region (Table 3) . Interestingly, sequence similarity of lower region was significantly higher than upper region even in mammalian species. Different sequence similarities for the upper region and lower region are worthy of notice.
Similarity of WD motif was also compared to clarify whether different sequence similarities for the upper and lower region reflect similarities of WD repeat, or not. Score Hiyama et al.: Chicken PREB Expression of similarity of WD1 repeat, WD2 repeat and WD3 repeat to the homologous repeats of various animals were shown in Table 4 . Chicken WD repeats showed over 90% and 80% similarities to bird and reptile WD repeat which are registered to NCBI, respectively. However, similarities of chicken WD1 and WD2 to mammalian WD1 and WD2 showed less than 65%. On the other hand, chicken WD3 and mammalian WD3 showed high similarities (Table 4) . These results may suggest that the amino acids sequence of the down stream region of PREB protein is more evolutionally conserved than the upper region, and that the WD3 motif plays a very important role for regulation of PRL mRNA expression in the anterior pituitary gland.
A similar trend was also observed for gene structure. Although the gene structure of PREB was conserved between mammal and chicken (9 exons and 8 introns), the length of the chicken PREB gene was less than 2 kb. In contrast, mammalian PREB genes consist of 3 to 4 kb (NC_00071.6, NC_005105 and NC_000002.11). This difference in length was mainly due to the length of intron. The intron size of chicken PREB is less than 100 bp with the exception of intron 5. However, the introns of mammalian PREB are generally longer than 100 bp. Notably, the size of mammalian intron 1 is longer than 500bp (NC_00071. 6, NC_ 005105 and NC_000002.11), whereas that of chicken intron 1 is less than 90 bp. These results may indicate that the structure of the PREB gene may have changed during evolution or during species differentiation.
The increase of levels of PREB mRNA during embryogenesis and post hatch occurred in concert to the increase in levels of PRL mRNA during embryogenesis. This may suggest a possible involvement of PREB in the expression of PRL mRNA at the late stage of embryonic development. In addition, levels of Pit-1 mRNA were also analyzed and quantified during embryogenesis. Increased levels of Pit-1 mRNA was observed between days 12 and 16 of embryogenesis, whereas, PRL mRNA levels increased between days 16 and 18. Since Pit-1 has been shown to bind to response elements within the PRL promoter (Kang et al., 2004) this may indicate that Pit-1 related to initial increase of PRL Journal of Poultry Science, 52 (1) mRNA levels and then interacts with PREB to support further increase of PRL mRNA expression at the late stage of embryogenesis. However, further experiments are required to clarify the observed relationship between these transcription factors and the PRL gene.
Different level of PREB mRNA was also observed at the different reproductive stage of Silkie hens (Fig. 5b) . The highest level of mRNA was observed in the hens exhibiting egg incubation behavior, whereas lowest levels were obtained from the non-photostimulated hens. The changes of expression of the PRL mRNA during reproductive cycles is well known (Talbot et al., 1991; Shimada et al., 1991; Wong et al., 1991; Kansaku et al., 1994) with lowest levels observed during non-egg laying states which increase during egg laying to reach maxima during incubation behavior. However, constant levels of Pit-1 mRNA expression throughout the reproductive cycle was reported in turkey (Wong et al., 1992) . In this study, significant changes of PRL mRNA levels and constant expression of Pit-1 mRNA levels at different reproductive stages were confirmed. The results of this study suggest that Pit-1 may participate in the basal PRL mRNA expression but PREB and Pit-1 may additively affect the changes of levels of PRL mRNA at laying and incubation stages as observed from day 18 of embryo to hatch.
Since contents of hypothalamic peptides such as VIP and plasma steroid hormones such as estrogen, dramatically change during reproductive cycles, PREB mRNA expression may receive various endocrine factor inputs. High levels of hypothalamic VIP may relate to high levels of PREB mRNA in the broody hen. Thereby, the increase of PREB content in the lactotrophs may induce the increase of levels of PRL mRNA via binding to the VRE. Further studies are necessary to clarify the relation between VIP and PREB mRNA expression at different reproductive stages.
An alternative-splicing isoform, which lacks exon 7, was also detected from the different physiological stages. In mammals, a homologous isoform has not been reported. Furthermore, the predicted translated protein originating from this splicing isoform lacked most of the region of the WD3 repeat. This isoform was predicted to have lost its function or may have an alternative function. Although the percentage or ratio of this isoform was not determined in this study, characterization of function of this PREB isoform is necessary to understand the details of its intra-cellular pathway.
In conclusion, changes of PREB mRNA levels were preceded and showed similarity to these of PRL mRNA during embryonic ontogeny and at different reproductive stages, respectively. These results support that PREB is regulatory factor for the PRL mRNA expression in birds.
